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ABSTRACT: A homoditopic monomer containing two hisphenylene)-32-crown-10 units and a complementary
homoditopic monomer containing two paraquat moieties were designed and prepared. At high equimolar
concentrationsX40 mM) they self-organize to form a linear supramolecular polymer in solution as confirmed
by proton NMR spectroscopy, mass spectrometry, and viscosity studies.

Introduction on the well-studied bist-phenylene)-32-crown-10 (BMP32C10)/
) S _ paraquat (PQ) recognition mott.

Inspired by nature, supramolecular chemistry is being widely - Among our efforts with the BMP32C10/PQ systems was an
studied with the aim of developing sophisticated self-assembledearly attempt to utilize it in preparation of suprapolymers via a
structures from small building blocks by molecular recognition, heteroditopic (AB) monomed,. This system in high concentra-
_self-rep_lication, and s_elf-prganization based on noncovalent tion solutions displayed high viscosity{q > 0.25 dL/g) that
interactions. The combination of supramolecular chemistry and enabled fibers to be drawn: however, the fibers were brittle,
polymer science has led to the appearance of supramoleculaind mass spectrometry was able to detect oligomers only up to
polymers (“suprapolymers”), which are based on repeating units the tetramer2 In this case NMR studies revealed the complex-
held together with directional and reversible noncovalent fotces. ation—decomplexation processes to be rapid relative to the NMR
The introduction of noncovalent interactions enables some time scale. At the same time we began to explore the use of
potential applications for suprapolymers. For example, the stronghomoditopic (AA/BB) monomers based on this molecular

m—z interactions within a column of discotic suprapolymers recognition motif. This required bis(crown ether) and bis-
lead to their high electronic mobilities, a property that is essential (paraquat) monomers.

in the development of plastic transistors and photovolt#iés.

The dynamic reversibility feature, resulting from the introduction dd 494 o -

of noncovalent forces, of suprapolymers allows slow release of He + 7\ — 4
active ingredients in pharmaceutical chemistry and medicine @‘C _N:_> <\ N—CHs
(controlled drug delivery), in agrochemistry, and in home and S 1

personal caré’ “Dynamers? present environmental and bio-

logical degradability, a feature of high potential interest in areas Results

as different as biomedical applicatidrand waste management. A. Design and Synthesis of MonomersiVe chose to prepare
2 Because of their simplicity in preparation and promising new e homoditopic hos2 by the reaction of 5-hydroxymethylene-
properties, linear suprapolymers have attracted strong 1,3-phenylene-‘13-phenylene-32-crown-tdand terephthaloyl
attentior?>>"'* Some recognition motifs used in the construction chjoride. The homoditopic gue8twas prepared by the reaction

of linear suprapolymers are multiple hygfogen bondiegown betweenp-xylyleneN,N'-bis(4,4-bipyridinium) bis(hexafluo-
ether/organic salt hosguest bindind,” cyclodextrin-based  rophosphaté§ and 2-iodoethanol followed by anion exchange.
hydrophilic/hydrophobic interactiorfsCO, linking with calix- These monomers were fully characterized.

arene capsules via hydrogen bondingnd nucleobase-pair Interaction of the host and guest moieties in these monomers

inter.actior.lsl.O Though linear suprapo!ymers have been w_idely is expected to produce cyclic and linear species (Scheme 1),
studied, linear suprapolymers fabricated from homodl'top|c the ratio of which depends on a number of factors, including

monomers based on heguest and pseud_orotaxéﬁeegogm- the concentrations and the nature of the linking groups. The
tion motifs are still rare, while condensation polymerization of ayerage degree of polymerization, has been shown to be

two difunctional monomers is commonly used in the preparation yg|ated to the equilibrium constakt and the initial monomer
of traditional linear polymers. Here we report more of our studies concentratiod® Assuming that no cyclics for#

directed toward the formation of linear suprapolymers from self-
assembly of two complementary homoditopic monomers based n=1/(1—p) = 2K H] J{ (1 + 4Ka[H]0)1/2 -1 @)

* Corresponding authors: e-mail fhuang@zju.edu.cn, Fax ane-86 if 4K [H]O >1,n= 2Ka[H] 0/{ (4Ka[H] 0)1/2 — 1} and
571-8795-3189; e-mail hwgibson@vt.edu, Redd-540-231-8517; Tel-01- @ . 2 172
540-231-5902. if (4K [Hlp) "> 1,n= (KJH]o)™ (2)
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Cincinnati, OH 45215. to each other in equimolar solutions and §HF 2[2]o. This
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Scheme 1. Schematic lllustration of the Formation of Cyclic Oligomers at Low Concentration and Linear Suprapolymer 4 at High
Concentration Based on the Self-Assembly of the Complementary Homoditopic Host 2 and Homoditopic Guest 3
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a pseudorotaxane structures are indicafdaljt the interaction may produce “taco” complexes, as several crystal structured3stiguk

treatment also assumes that Haevalue does not vary with the  field shift. As expected, the proton NMR spectra of equimolar
size of the self-assembly, i.e., is isodesAfitherefore, degrees  solutions of2 and 3 (Figure 1) are concentration-dependent,
of polymerization calculated in this way represent maximum reflecting the involvement of fast-exchanging noncovalent
values that in practice will be reduced by formation of cyclics interactions in solution. When the initial concentrations were
and possibly by reduction in the association constant as theincreased, the chemical shift change afdh bis(paraquat},
suprapolymer grows (“attenuatiols). A, increased very sharply at first then very slowly above 10.0
B. Model Systems.To estimate thé, value for interaction mM (Figure 2). This demonstrated that the percentage of
of 2 with 3 we refer to a model system. Interaction of complexed paraquat moieties increased with increasing initial
dimethylparaquatf) with BMP32C10 alcohob proceeded with concentrations o and 3, suggesting the formation of linear
Ka = [5°6]/[5][6] = 824 &+ 82 M~1 in acetoné3 suprapolyme#. At concentrations above 60 mM the solutions
C. Proton NMR Characterization. Upon mixing2 and 3 were too viscous to obtain good spectra.
in acetone, a dark yellow-orange color developed immediately, We have demonstrated that the complexes ofniisife-
indicating complex formation involving charge transfer. As with nylene)-32-crown-10/paraquat systems are ion paired as are the
other examples of crown etheparaquat complexes studi&df? paraquat salt¥®" Thus, values of the fractiop of complexed
the proton NMR spectrum revealed upfield shifts for all the paraquat moieties at different initial concentration® afin be
protons except the terephthaloyl aromatic proton and the estimated ifAq, the chemical shift change associated with fully
y-OCH, (ethyleneoxy) protons, the latter undergoing a down- complexed paraquat units, is knowhThis Ao value was
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Figure 1. Partial proton NMR spectra (400 MHz, acetothe-RT) of 3 (a); mixtures of2 and3 (molar ratio 1:1) at different concentrations: (b)

0.130, (c) 1.00, (d) 10.0, and (e) 60.3 mM; %)
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Figure 2. Relationship betweern, chemical shift change of Hon
homoditopic guess, and PJo, the initial concentration of homoditopic
host2.

Table 1. Values ofp and Calculated Values ofn in Equimolar
Solutions of 2 and 3

[210=[3]o maxnP maxn maxn
(mM) p? (exp) (theoryy (theory)!
0.130 0.236£ 0.12 1.31+0.2 1.85+0.12 1.18+0.02
1.00 0.752+-0.12 4.03+0.21 4.03+0.35 1.88+0.06
10.0 0.952+0.24 20.8+7.0 116+ 1.1 4.59+ 0.20
60.3 0.972+ 0.24 35.7£26.5 27.6t2.7 10.5+ 0.5

a Calculated fronp = A/Ag;*° error bars reflect a potential error of 0.003
ppm in A. P Calculated froom = 1/(1 — p);?? this assumes that all
complexed species are line&Calculated using eq 1K, = (6.10+ 1.22)

x 10° Mt and [H] = 2[2]¢; this also assumes that all complexed species
are lineard Calculated using eq 1K, = 824 + 82 M1 (K, for 5+6) and
[H] = 2[2]; this also assumes that all complexed species are linear.

estimated to be 0.250 ppm using an acetdseelution with
0.200 mM of3 and 40.0 mM ob. Using this value, the fraction

based three-bridge cryptand host, meaning that complexation
of the second paraquat unit is more favorable thermodynamically
after the first paraquat unit has been bound. It appears that
complexation of bisparaquatwith biscrown2 is also coopera-
tive; this would enhance the overall possibility of forming the
target suprapolymet. However, see the discussion below for
an alternative and more likely explanation.

Using the Carothers equatirand assuming that only linear
species were present, the fractional complexation values were
used to calculate maximum possible degrees of polymerization
(Table 1). When the concentrations are low, the calculated sizes
of the aggregrates are small. When the concentratio2saofl
3increase, although the precisionpfnd hence decreases,
the calculated size of aggregrates increases to truly large values,
suggesting that linear supramolecular poly@és formed. For
example, af2]o = [3]o = 60.3 mM, a degree of polymerization
of 35.7 would correspond to a polymer with molar mass
83.8 kDa.

The experimentally derived values ofcalculated fromp
are more consistent with the theoretical values calculated using
the Ky deduced foR2-3 than with those calculated using tKg
of 5:6; again this seems to point to some degree of cooperat-
ivity 21 for 2-:3, which could be the result of some conformational
change in either the host or the guest upon complexation of
one of its binding sited! However, see the discussion below.

D. Mass Spectrometry.The MALDI-TOF mass spectrum
(Figure 3) provided support for the formation of oligomeric
species. The base peak (100%)nalz 1102 was assigned as
[2:3 — F1 — F2 — PR]". Two peaks were found that result
from 3-2-3: m/z 2551 B-2:3 — F3 — 2PR]* (55%) and 2590
[3:2:3 — F3 — 2Pk + H + K]* (13%). A peak atn/z 3811

p of complexed moieties in the various solutions was estimated corresponds to a fragment @f3-2-3: [2:3-2:3 — F3 — 2Pk

(Table 1). From the data point at 1.00 mM we estimafgeE
p/(1 — p)([2]o — p[3]o) = 6.10 x 10® M1 (with an error of

— H]™ (9%). A peak was observed f82-3-2-3 at m/z 5079:
[3-2:3-2:3 — F4 — HPRK + NaJ" (3%). Since the MALDI-

~=420% perhaps); this value is 7.5-fold higher than the value TOF spectra depend on the ability of the molecule to be vola-

for the model systend-6 discussed above. This is interesting
in view of the fact that we have obsenfdcooperative
complexatiod! of bisparaqua¥ with a monotopic BMP32C10-

tilized under the experimental conditions, the possibility of the
presence of still higher units in the ionic polymer cannot be
ruled out. Another likely reason that only small oligomers were



3564 Huang et al. Macromolecules, Vol. 40, No. 10, 2007

60

ﬁ 104
2
40+ 3
o 14
2
>
rel (5]
=
2091 |o g o014
D - Q.
& o »n
© o
L ﬁ 5
J..J W D 0.01 :
0+ ; ; 0.01 0.1 1
2300 3300 4300 5300 Crown Concentration (Mol/L)
m/z Figure 4. Specific viscosity of acetone solutions of equimolar mixtures

Figure 3. Partial MALDI-TOF mass spectrum of linear suprapolymer of 2 and3 as a function of concentration.
4 formed from2 and 3. The spectrum was measured in the positive-

ion mode using 2,5-dihydroxbenzoic acid as the matrix and acetone aSCompared to those of the latter Systems (Slopes_ﬁﬁ)g and

the solvent. the theroeteically predicted value of 3:3.72¢ are consistent
observed is that the degree of polymerizationfor the with the lower association constant of the present system and
supramolecular polymer formed froBand3 is concentration- the fact that these systems are ionic and the solvent is organic.

dependent (eq 1), and the sample solution used for MALDI- Indeed_, tht_e present slope is_ compargble_ to that observed with
TOF mass spectrometry was dilute, so only small aggregrateshomoditopic systems comprised of bis(dibenzo-24-crow8-8)

Wwere present. and bis(dibenzylammonium) saflsin those systems, depending
on the length of the aliphatic spacer in the diammonium guest
2PFg species, slopes of 1.48, 2.83, and 2.64 were obséfvEabse
CH —T\IC\>—<\:N CHp—CH,—OH systems posse§seq association constants similar to that of the
present homoditopic systefh.
Fragment F1: Cy3H15N20P,F 15 At the highest measured crown concentration, 0.45 M, the
Exact Mass: 505.05 reduced viscosity in the equimolar solutionz&nd3 was 0.26
dL/g. In order to reach this reduced viscosity value, the molar
d 9 99 o concentration had to be 1.4 M for solutions of heteroditopic
monomerl. This indicates that the interaction between crown
?H2 ether moiety and paraquat moiety is stronger for the system

based or2 and3 than for the system based @nThere are at
least three possible reasons. First, the crown ether moiety and
Fragment F2: C30H4201; 0 paraquat moiety are directly connected to each other o
Exact Mass: 594.27 the electron-donating effect of the crown ether moiety can
decrease the binding ability of the paraquat moiety to the crown

, 2PFe - ether moiety and the electron-withdrawing effect of the paraquat

HO—CHz—CHz—ND—QN—CHQ—O—X moiety can decrease the binding ability of the crown ether
moiety to the paraquat moiety. Second, monofnisrquite rigid,

Fragment F3: X = CH, Fragment F4: X = nil and this constrains the number of conformations of the

Egéglt-'ﬁyszs? ';5';69 Eg;gt'ﬂﬁ:‘gg ';23';768 complexes, resulting in a great deal of entropic cost. Third, the

above-mentioned possible cooperative effect for the complex-
E. Viscosity Study.Viscous flow is characteristic of polymer  ation between bisparaquatand biscrowr2 may contribute.
solutions. Therefore, we turned to viscometry for direct physical

evidence of the formation of linear suprapolymerSpecific Discussion
viscosities of acetone solutions of equimolar mixtureg ahd It is clear from the viscosity results that the NMR data in
3 were measured as a function of concentration. Adlog plot Table 1 lead to overestimation of the degrees of polymerization

of the resultant data is shown in Figure 4. In the low in this system. Although high degrees of complexation are
concentration range, the curve has a slope of 1.02, demonstratingichieved at relatively low concentrations, cyclic species domi-
a linear relationship between specific viscosity and concentra- nate up to the [M}i; at[2]o = [3]o = 40 mM. Only above that
tion, which is characteristic for noninteracting assemblies of point does the fraction of linear species increase to a sufficient
constant sizé? these results indicate the presence of cyclic level to produce polymeric structurds This is similar to the
unimer in dilute solutions, as observed in other systems. situation observed with the bis(dibenzo-24-crown-8)/bis(diben-
With increasing concentration, a sharp rise in the viscosity is zylammonium) systen8/9; in that case slow exchange made
observed (slopes 2.08). This stronger concentration dependence

indicates the formation of suprapolymers of increasing size. (\o 0/\ o
From Figure 4, a critical monomer concentration, {M]above

which the concentration of cyclics no longer increases and Iinear@i D/\ (CH U D
species are produced exclusivéh®was determined from the K, J

onset of the steeper portion, yielding a value of 80 mM for the QP

initial concentration of crown units, corresponding to 40 mM

for the initial concentrations df and3. This value is comparable

PFs PFs
to values of [MLy reported for ditopic ureidopyrimidone QAEKQ/O\R”@”E 9 b R=GRE.
2 2 !

systems: 16200 mM?> However, the lower slope above [Mj ¢. R =(CHy),
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Scheme 2. Formation of Linear and Cyclic Unimers by Interaction of Complementary Homoditopic Building Blocks

0 0
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possible the detection of the cyclic species distinct from the reversible (pseudorotaxaie and potentially permanent (ro-
linear specieg?c The proportion of cyclic unimer vs linear taxanel? by attachment of appropriate blocking groups on the
unimer (Scheme 2) reflects the intramolecular complexation paraquat units) mechanically linked linear suprapolymer sys-
process; this was shown to depend on the length of the flexible tems. Our present efforts are aimed at these goals.

aliphatic linkers in the diammonium sal®sand the bis(crown

ether)8: for spacers with combined lengths of 20 atorBs (  Experimental Section

Keyelic
= o|o—oa)o

9a), 26 atoms §/9b), and 38 atoms8(9c) the Keyeiic (= [cyclic Proton NMR Characterization, Viscosity Measurements, and
unimer]/[linear unimer]) values were 2.5, 1.7, and 0"6&orre- MALDI-TOF Spectrometry. All solutions were prepared as
sponding to effective molarities (EMhe concentration above  follows. Precisely weighed amounts of dried hosts and guests were
which formation of larger linear species is favord)f 0.96, added into separate screw cap vials. The solvent was added with
0.23, and 0.060 mM for the unimers, respectivekycic to-deliver volumetric pipets. Then specific volumes of each fresh

decreases with increasing degree of polymerization to the 5/2S0lution were mixed to yield the desired concentrations. For
g deg poly example, in order to make a solution, 10.0 n&10.0 mM 3, a

power, i.e.,n°224 meaning that in the case of large rings such 0.0 mM solution of2. and a 20.0 mM solution d8 were made
T L, L0y ading 200 ml of ccotri v a 200 i o deve

’ ) ; ! <79 pipet into a screw cap vial containing 50.5 mg (0.0400 mmol) of
and 28/0% for 10 mM/500 mM equimolar solutions in whigh 2 and another vial containing 43.4 mg (0.0400 mmolBofrhen
=0.91/0.87,0.84/0.92, and 0.66/0.95, respectiV€eseresults  0.300 mL of each of these two solutions was added with a 0.300
agree with similar studies of other systéraad conform to the mL to-deliver pipet to a vial to make the target solution with 10.0
elegant theory developed by Ercolani et?aln the present mM 2 and 10.0 mM3. 'H NMR data were collected on an INOVA
system 2/3) the relatively short linkers (a total of 16 atoms) 400 proton NMR.instr_u.ment. The solvent used for all solutions
and their rigidity favor cyclization (largeieycic, higher EM) was acetonek. Viscosities were measured with acetone as the
(as demonstrated by the results of Kricheldorf et al. on formation S0lvent at room temperature in a Cannon-Ubbelohde semi-microdi-
of covalent cyclic polymers} and the extent of cyclic formation lution viscometer with 200 cP inner diameter capillary. The mixture

. . . - of 2 and3 (molar ratio 1:1) was submitted for MALDI-TOF as a
is undoubtedly relatively higher than in the formefd) system. solid after drying in vacuum. The sample was dissolved in acetone

This explains the higher appareitd deduced from the results 504 mixed with the 2,5-dihydroxbenzoic acid matrix in acetone.

presented in Figure 2; the fractional complexation is increased The spectrum was recorded in the positive mode on a PerSeptive
substantially by the highly favorable intramolecular formation voyager RP-DE MALDI-TOF mass spectrometer.

of the cyclic unimer (Scheme 2); indeed, the viscosity results  Bis(5-methylene-1,3-phenylene:B-phenylene-32-crown-10)
demonstrate that linear oligomers are not present in significant Terephthalate (2). Terephthaloyl chloride (1.01 g, 4.93 mmol) was
amounts at concentrations40 mM. Comparison of theK, added to a solution of 5-hydroxymethylene-1,3-phenyler@-1
deduced from Figure 2 (6.19 10* M%) with that of the model ~ Phenylene-32-crown-18(5, 5.64 g, 9.96 mmol) in anhydrous THF
systemb/6 (824 M~1) suggests that in the present cisguic is (1_25 mL) containing pyridine (0.900 mL, 111 mmol), e_tn_d the
7.5: this appears reasonable in view of the prior results with mixture was refluxed for 48 h. After cooling, the precipitated

. . . pyridinium hydrochloride salt was filtered, and the organic layer
8/9 and the arguments above. It is estimated using eq Kand was washed with water and 10% HCI (25 mL) solution. The organic

= 824 M* (the value for the model system) that at the highest |5yer was dried over anhydrous sodium sulfate and evaporated to
concentration (0.5 M = 20.7, assuming that the concentration  dryness. The crude product was purified by silica gel column
of cyclics is negligible. Although this degree of polymerization chromatography with ethyl acetate as the eluent. Evaporation of
is far below the nominal value of 100 normally cited as a the solvent gave (5.30 g, 85%) as an oil. Recrystallization from
minimum for step-growth polymers, it corresponds to a respect- 2:8 dichloromethane/hexane gave a white solid; mp#37.9°C.
able number-average molecular weight of 48.6 kDa. TGA: 5% weight loss at 373C in air (10 °C/min). IR (neat):

Itis, therefore, clear that in order to self-assemble suprapoly- 2924 (~CH), 1722 (C=0), 1596, 1489, 1456 (€C), 1264 (C-
mers of the pseudorotaxane type with degrees of polymerizationc(=o)_c)* and 1124 (€0—~C). "H NMR (400 MHz, CDC}, 22

S : - °C) 0 (ppm): 8.11 (4H, s), 7.11 (2H, m), 6.57 (4H, k= 2.2 Hz),
>100, the building blocks must possess high association 6.48 (8H, m), 5.26 (4H, s), 4.07 (16H. m), 3.83 (16H, m), 3.69

constants, good solubility (egs 1 and 2), and reduced propensi'[y(32H m).13C NMR CDCh 6 (ppm): 66.94, 67.45, 67.58, 69.59

for formation of cyclics® Our recent success with cryptands g9 64 70.83, 70.85, 101.16, 101.612, 106.91, 107.03, 129.67,
as designed hosts for paraquats, with association constants up29 .74, 133.88, 137.68, 159.92, 160.08, 165.49 (18 peaks, theory
to 5 x 10° M~13L and the results of our prior efforts pave the 19). LR FAB MS (NBA/PEG)mz (rel int): 1260.7 (M) and

way for construction of appropriate monomers to achieve this 1097.5 (M- — CyoH110,). HR FAB MS (NBA/PEG)m/z calcd for

goal. [M]* CoeHgeO24 1262.5509; found 1262.5461; error 3.8 ppm. Anal.
Calcd for GgHgeO24: C, 62.73; H, 6.86. Found: C, 62.65; H, 6.86.
Conclusions p-Xylylene-N,N'-bis[N" ,N""'-bis(#-hydroxyethyl)-4,4'-bipyri-

. . .. dinium] Tetrakis(hexafluorophosphate) (3). To 2-iodoethanol
In summary, we designed and synthesized a homoditopic (58.0 g, 337 mmol) in a 250 mL one-necked flagkxylylene-

monomer containing two bistphenylene)-32-crown-10 units \t_pig(4,4-bipyridinium) bis(hexafluorophosphatef2.54 g, 3.60
and a complementary homoditopic monomer containing two mmol) was added. The flask was immersed in an oil bath £080
paraquat units. They can self-organize to form a linear supramo-and magnetically stirred under nitrogen for 36 h. The unreacted
lecular polymer in concentrated solution. The present results 2-iodoethanol was recovered by filtration. The filtrate was dissolved
provide proof of principle for a method of construction of in minimum deionized water. Excess WP was added into this
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(8) Miyauchi, M.; Harada, AJ. Am. Chem. So2004 126 11418-114109.
Miyauchi, M.; Hoshino, T.; Yamaguchi, H.; Kamitori, S.; Harada, A.

J. Am. Chem. So@005 127, 2034-2035. Miyauchi, M.; Takashima,
Y.; Yamaguchi, H.; Harada, Al. Am. Chem. So2005 127, 2984~

solution until no more precipitate formed. The resultant mixture
was filtered to afford a white solid, which was recrystallized in
water three times to afford as a while solid, 3.29 g (84%): mp

202-203 °C. *H NMR (400 MHz, acetonek, 22 °C) 6 (ppm): 2989. Hasegawa, Y.; Miyauchi, M.; Takashima, Y.; Yamaguchi, H.;
9.49 (d,J = 7.0 Hz, 4H), 9.40 (dJ = 7.0 Hz, 4H), 8.84 (dJ = Harada, A.Macromolecule005 38, 3724-3730.

7.0 Hz, 4H), 8.80 (dJ = 7.0 Hz, 4H), 7.82 (s, 4H), 6.24 (s, 4H),  (9) Xu, H.; Rudkevich, D. M.Chem—Eur. J. 2004 10, 5432-
5.10 (t,J = 5.0 Hz, 4H), 4.70 (tJ = 5.0 Hz, 2H), 4.22 ()= 4.6 5442,

Hz, 4H). Anal. Calcd for GH34N4OzPsF24: C, 35.37; H, 3.15; N, (10) Sivakova, S.; Wu, J.; Campo, C. J.; Mather, P. T.; Rowan, S. J.
5.16. Found: C, 35.62, 35.58; H, 3.52, 3.52; N, 5.14, 5.21. Chem—Eur. J. 2006 12, 446-456. Burke, K. A.; Sivakova, S.;
McKenzie, B. M.; Mather, P. T.; Rowan, S.J.Polym. Sci., Part A:
Polym. Chem2006 44, 5049-5059.

Some other recent publications on linear suprapolymers: Tellini, V.
H. S.; Jover, A.; Garcia, J. C.; Galantini, L.; Meijide, F.; Tato, J. V.
J. Am. Chem. So@006 128 5728-5734. Hunter, C. A.; Tomas, S.

J. Am. Chem. So006 128 8975-8979.
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